Introduction
Since the original observation, made by VIRGI-NIA APGAR [1] , it has been increasingly evident that low Apgar scores imply an elevated risk for development of neonatal respiratory disturbance (RD) [5, 7] . It is not clear whether a low Apgar score represents a causal factor, or if a low score merely reflects respiratory difficulty present immediately after birth.
In this work our intention was to further analyze by epidemiological methods the association between low Apgar scores and the total spectrum of respiratory diseases in an unselected population. The influence of varying gestational ages and different modes of delivery on the risk factor associated with the Apgar score was studied. Furthermore, we investigated the impact of the various components of the Apgar score on the incidence of respiratory disturbance and the association between the Apgar score and the onset of signs of respiratory disease.
Material and methods
In a prospective, epidemiologic study, all live born infants of mothers living in Gothenburg, Sweden (about 450,000 inhabitants) were screened over one year for signs of respiratory disease. This unselected population could be obtained since virtually all infants in Gothenburg are born in the two maternity hospitals. The approximate number of deliveries, general standard, equipment, treatment principals and neonatal care are the same in both hospitals. During the year of study, all infants were assessed by Apgar score and screened for development of signs of respiratory disease according to a special routine developed for the study. Apgar scores at one and five minutes after birth were assessed by the midwife or obstetrician on duty. Apgar scores of 0 -6 were classified as low, and 7 -10 as high.
All infants who developed one of the following signs were considered to have a respiratory disturbance: a breathing frequency of > 60/ min or < 30/min for at least three hours, expiratory grunting or retractions of the chest wall, at the age of two hours or later, central cyanosis or apneic spells. All infants fulfilling these criteria were supervised in a neonatal unit and monitored according to a fixed program.
Gestational age was assessed from the number of complete weeks from the onset of the mother's last menstrual period, from ultrasound examinations of the biparietal diameter early in pregnancy and from clinical evaluation of the infants based on external characteristics according to FINNSTRÖM [4] . When maternal data were uncertain or when there was a discrepancy of two weeks or more between maternal and infant data, the results of the latter were used. For the analysis the infants grouped according to gestational age into those up to 32 weeks, between 33 and 36 weeks, and 37 weeks or more.
All information was stored and analyzed using a specially designed computer program, and supplementary data concerning Apgar score distribution in healthy term infants were obtained from the National Birth Registration. For statistical analyses the chi-square test with Yate's modification and the median test were used.
Results
During the year 4,656 infants were born alive in Gothenburg. Two hundred and forty-one infants were preterm, i. e. < 36 gestational weeks. There were 528 cesarean sections, which constitutes 11.3 per cent of the deliveries. gestational age. The Apgar distribution is closely related to gestational age, with a higher incidence of low Apgar scores at low gestational ages. Table I gives the incidence rates of RD at high and low Apgar scores at different gestational ages and also related to mode of delivery.
In term infants of vaginal delivery the incidence rate of RD was substantially higher when Apgar score at one minute was low than when Apgar score at one minute was high, 26 per cent versus 3 per cent. The incidence after a low five minute Apgar score was 43 per cent.
Thus in these term infants a low Apgar score at five minutes implied an even greater risk for RD than a low one minute score. The same pattern was seen after cesarean section but the difference reached statistical significance at five minutes scores only. In infants born between 33 and 36 weeks of gestation there was a significantly higher incidence of RD after vaginal delivery with low Apgar score at one minute (71 per cent) than when the Apgar score was high (31 per cent). After cesarean section, no significant differences were found, and the picture did not change when emergency and elective cesarean sections were analyzed separately, both in this group and in full term infants. A low Apgar score at five minutes did not imply any additional risk.
Infants below 33 weeks of gestation were few in number, and the incidence rates of RD were generally high. No significant differences between high and low Apgar scores were found.
When only the 195 infants with RD lasting more than 24 hours were considered in the analysis the same pattern was found (table II) . A low one minute Apgar score implied an increased incidence rate from 1.5 to 8.8 per cent in the vaginal group and from 4.5 to 20 per .033 cent in the cesarean group. A low five minute score further increased the incidence rate in both groups, to 26 per cent after vaginal and 21 per cent after cesarean delivery.
Meperidine (Pethidine), given to 30% of mothers of preterm infants and 20% of mothers of full term infants was not a confounder as the incidence rate of RD was the same whether meperidine was given or not, in preterm as well as full term infants.
In order to elucidate whether onset of signs of RD was more rapid in infants with low Apgar scores compared to those with high scores the interval from birth to the first appearance of signs of RD was noted (table III) . There were no statistically significant differences between the groups with the exception of infants of 33 -36 weeks born by cesarean section. In this group newborns with high Apgar scores had a significantly later onset of signs of RD (0.9 versus 0.3 hours). In the majority of the cases, signs of RD did not appear immediately after birth but from 0.5 up to 4 hours later. The signs appeared somewhat earlier in preterm infants than in term infants. No differences attributable to mode of delivery were found.
To evaluate whether any particular component in the Apgar score was more predictive of respiratory disease than the others, all infants with low one minute Apgar scores were analyzed. The same distribution of the components of the score was seen in all groups (x 2 -test; n. s.) (figure 2). The respiratory effort was no more affected than the other signs in the Apgar score. Infants < 32 weeks are not included in the figure since there were few such infants in each category.
Discussion
It has been demonstrated that the Apgar score is not a reliable measure of intrauterine asphyxia [9] . Both this study and previous ones have shown that a low Apgar score is a remarkably powerful risk factor for neonatal respiratory disturbance in full term infants. Consequently, this power should be based on other mechanisms than fetal asphyxia. The great Table III . Onset of respiratory disease (RD) in infants with high and low one minute Apgar scores and after different routes of delivery. Time for onset of respiratory signs was missing for some infants and thus the number in each category is not always the same as that given in tables I and II. majority of the infants with respiratory signs in this study had disturbances of short duration with or without pathological chest films. They fit diagnostic criteria for 'transient tachypnea' [2] or 'pulmonary maladaptation'/'mild respiratory disease' [7] .
As expected we found that preterm infants in general run considerably higher risks for RD than term infants do. On the other hand the importance of a low Apgar score as an additional risk factor is reduced or becomes negligible when gestational age is low. The effect of a low Apgar score was less pronounced after cesarean section than after vaginal delivery.
It is generally believed that alveolar or interstitial edema is the dominating phenomenon in the main neonatal lung disorders. In animal studies it has been well demonstrated that catecholamines play an important part in eliminating fluid from the lungs before and at term birth [10] . In animals this mechanism cannot be elicited before term [10] . If this is also true in humans it may offer one explanation of the high incidence rate of RD among preterm infants. It has also been shown that mildly acidotic, term infants with low Apgar scores have lower levels of catecholamines in cord blood than infants with high scores, suggesting that the Apgar score, to some extent, may reflect sympathoadrenal activity at birth [8].
These observations may offer an explanation for our results. The risk factors for RD, identified in the analysis, low gestational age and low Apgar scores, may be associated with a failure to release or respond to catecholamines at birth and hence to eliminate lung fluid effectively. Such a common mechanism may also explain the interdependence of the risk factors, and why the risk factor associated with low Apgar score is most powerful in full term infants. The reduced power of this factor after cesarean section is also compatible with the hypothesis that abdominal delivery per se disposes to neonatal lung hyperhydration leading to respiratory disease.
According to the hypothesis presented, a low Apgar score is a marker of a disturbed adaption process also associated with lung hyperhydration. Other data suggest that low vitality immediately after birth may play a more direct part in the pathogenesis of neonatal lung disease. Lung expansion at the first breaths after birth has been shown to be important for the establishment of appropriate lung circulation, and also for lung surfactant release [6] . Consequently, failure to expand the lungs effectively after birth may lead to interstitial edema formation due to high surface tension and to partial atelectasis. BOON et al. [3] also found the formation of functional residual capacity after birth to be delayed in newborn infants with low Apgar scores. This means that anything affecting the fetus and the newborn severely enough to cause low vitality at birth, and thus a low Apgar score, such as cerebral birth trauma, anoxia or anesthetic agents, may also initiate a disturbance of the lung adaption process leading to respiratory difficulty. In this context it is of interest to note that in the group with low Apgar scores the distribution of the various components of the score was the same in infants who developed RD and those who did not. One might speculate that if RD was only an effect of lung water retention, the respiratory component of the score would have been lower among infants who developed RD.
Although most of our data may be explained by the catecholamine hypothesis, there is no doubt that insufficient initial lung expansion may play an important part as an alternative mechanism in explaining the relationship between low Apgar scores and neonatal RD. We could exclude RD after a low Apgar score being merely a prolongation of the initial respiratory difficulty. In the infants with RD, regardless of Apgar score level, there was normally an interval free from respiratory signs after birth. Why this period exists remains to be explained.
Summary
The value of the Apgar score as a risk factor for all neonatal respiratory disturbances (RD) was evaluated in a prospective study of an unselected population. All liveborn infants (n = 4656) of mothers living in Gothenburg were screened over one year for signs of respiratory disease. This unselected population could be obtained since virtually all infants in Gothenburg are born in two maternity hospitals, with similar treatment principles, the same equipment standard and neonatal care. A low one minute Apgar score (< 7) was found to be a powerful risk factor for RD in full term newborns and infants of 33 -36 weeks gestation provided that the delivery had been vaginal. In these infants a low Apgar score at five minutes further increased the risk of RD. In immature infants < 32 weeks and after cesarean section in all gestational ages a low Apgar score did not mean any additional risk of RD (table I) . The respiratory component in the Apgar score was not more predictive of RD than any of the others (figure 2). In most infants with RD, irrespective of Apgar score, there was a few hours interval free from respiratory signs after birth (table III) . It has been well shown in other studies that Apgar score is not a reliable index of intrauterine or birth asphyxia. Nevertheless the one-minute score is a powerful predictor of neonatal respiratory difficulties. One explanation might be that Apgar score is correlated with sympathoadrenal activity at birth. Another might be that the ' vitality in the period immediately after birth -reflected by the Apgar score -is crucial for the ability of the infant to expand the lungs effectively after birth. This may affect the respiratory adaptation in the postnatal period by hampering the ability to eliminate lung water, by suppressing surfactant release or by other mechanKeywords: Apgar score, neonatal asphyxia, newborn infant, respiratory disorders. 
